Escape of ions is potentially important for the evolution of volstiles on Mars, but the mechanisms and rates of ion escape processes are not fully understood. Instruments on the Russian Phobos 2 orbiter have, however, measured fluxes of heavy ions apparently of ionospheric origin in the optical shadow of Mars. These ions are assumed to arise from escape processes induced by the interaction of the solar wind with the ionosphere. We determine here upper limits to the ion loss rates by imposing upward flux boundary conditions on models of the low and high solar activity Mars ionosphere. The maximum fluxes obtained for high solar activity are about a factor of 4 larger than the fluxes derived from the Phobos ASPERA measurements, and the major ion is predicted to be 02 + rather than O +. If ions are scavenged at or near their maximum rates, the resulting escape fluxes are significant when compared to other non-thermal escape mechanisms for heavy atoms.
We revisit this question here by using numerical models of the Martian ionosphere to determine upper limits to the escape fluxes for each of 11 ions due to the limits on ionospheric production. We find that ion loss should be dominated by O• + rather than by O+. We also show that, if ions are being swept away at near their maximum rates, the loss rates inferred are of the same order as or larger than many other non-thermal mechanisms, and should be accounted for in models of the history of Martian volatiles.
Calculations
We have constructed models of the dayside ionosphere from 100 to 400 km for low solar activity [Fox, 1993] and for high solar activity [Fox et al., 1995] . The high solar activity model is more realistic than that of Fox [1993] , where the low solar activity neutral thermosphere was merely subjected to the high solar activity solar fluxes. In addition, Fox [1993] computed the upward fluxes for only five ions, compared to 11 here. Production rate profiles of some of the ions are shown in Figures la and lb, and the resulting steady-state density profiles in Figures 23 and 2b. A crude way to estimate the maximum upward flux of an ion is to integrate its production rate above the PCE region. would also be of value. In addition, it is hoped that more detailed theoretical studies of the solar-wind-induced escape processes will be undertaken to further constrain these loss rates.
